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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in 4e q)pljcation: 
Listing of Claims: 

1 . (currently amended) A high voltage generation and regulation system comprising: 

a charge pump generating a high voltage pump signal in response to an enable signal and 
a m edium voltage pump signal; 

a pump loop regulator generating a plurality of high voltage signals having different 
voltage levels and the medium voltage pump signal in response to the high voltage pump signal; 
and 

a nested loop regulator generating the enable signal in response to the high voltage pump 
signal being below a threshold voltage, 

2. (Original) The liigh voltage generation and regulation system of claim 1 wherein the 
pump loop regulator comprises a comparator for controlling the voltage level of the plurality of 
high voltage signals in response to a control signal and a trimmable voltage divider for 
gen^ating the control signal in resporise to said voltage level. 

3. (Original) The high voltage generation and regulation system of claim 2 wherein the 
pump loop regulator includes a slew rate enhancement circuit to precharge the comparator output 
during power up. 

4. (Original) The high voltage generation and regulation system of claim 1 wherein the 
charge pump generates an oscillator test signal. 

5. (Original) The high voltage generation and regulation system of claim 1 wherein the 
charge pump includes a test port for monitoring an oscillator signal or receiving a test signal. 
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6. (Original) A charge pump syst^ comprising: 

a pirnip for generating a boosted voltage in response to at least two clock signals; and 
an oscillator coupled to the pump for generating said at least two clock signals and 
mduding a ring oscillator, a multiplexer, and an output stage, the ring oscillator providing one of 
the at least one clock signals to the multiplexer and the output stage providing another one of the 
at least two clock signals to the multiplexer, the multiplexer outputdng the two clock signals in 
response to a first state of an enable signal and not outputting the two clock signals in response to 
a second state of the enable signal, the ring oscillator generating said one of the at least two clock 
signals independent of t lie enable signal . 

7. (Original) A high voltage generation and regulation system comprising: 
a charge pump comprising: 

a pump for g^erating a boosted voltage signal in response to at least two clock 
signals and a feedback voltage signal; and 

an oscillator coupled to the pump for generating said at least two clock signals 
and including a ring oscillator, an output stage, and a multiplexer, the ring oscillator providing 
one of the at least one clock signals to the multiplexer and the output stage providing another one 
of the at least two clock signals to the multiplexer, the multiplexer oulputting the two clock 
signals in response to a fu^t state of an enable signal and not outputting the two clock signals in 
response to a second state of the enable signal, the ring oscillator generating said one of the at 
least two clock signals independent of the enable signal; and 

a loop regulator generating the feed back voltage signal in response to the boosted 
voltage signal. 

8. (cancelled). 

9. (Original) A hi ^ voltage generation and regulation system comprising; 
a charge pump comprising: 

a pump for generating a boosted voltage signal in response to at least two clock 

signals and a feedback voltage signal; and 
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a plurality of first inverters coupled in series with an output of one first inverter coupled 
to the input of another first inverter, one of said first inverters providing a first clock signal; 

a plurality of first capacitors, each of said plurality of first capacitors being coupled to tiie 
output of a respective one of said plurality of first inverters; 

a second inverter having an input coupled to the output of said one first inverter 
providing said first clock signal and having an output for providing a second clock signal; and 

a second capacitor coupled to the output of the second inverter, the ratio of a capacitance 
of the second capacitor to a capacitance of the first c^acitors being such to adjust the phase 
between the first and second clock signals to a pre-selected value; and 

a loop regulator generating the feedback voltage signal in response to die boosted voltage 

signal. 

10. (cancelled). 

11. (Original) A high voltage gmeration and regulation system comprising: 
a charge pump comprising: 

a pump for generating a boosted voltage signal m response to at least two clock 
signals and a feedback voltage signal, 

a plurality of first inverters coupled in series with an output of one first inverter 
coupled to the input of another Gist inverter, each of said plurality of inverters providing a first 
inverted signal having characteristics dependent on an applied first bias current, one of said first 
inverters providing a fii-st clock signal, 

a plurality of first capacitors, each of said plurality of first capacitors being 
coupled to the output of a respective one of said plurality of first inverters, 

a second inverter having an input coupled to the output of said one first inverter 
providing said first clock signal and having an output for providing a second clock signal having 
characteristics dependent on an applied second bias current, the ratio of first bias current to the 
second bias current being such to adjust the phase between the first anid second clock signals to a 
pre-selected value, 

a second capacitor coupled to the ou^ut of the second inverter, the capacitance of 
each of the plurality of first capacitors being equal to the capacitance of the second capacitor, 
and 
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a loop regulator generating the feed back voltage signal in response to the boosted 
voltage signal. 

12. (cancelled). 

13. (currently amended) [[Th^]] A charge pump of Qloim 13 comprising: 

a plurality of voltage boost stages coupled in series, each of the voltage boost stages 
generating an output signal having a voltage level higher than an input voltage appUed thereto^ 
and each comptisine a first transistor including a first terminal coupled to receive said input 
voltage and including a second tB" y>it;^^l f^r providing said output si gnal and further comprisinR 
a powenip assist diode to charge the innirt voltage applied to the voltage boost stage coup l ed to 
the output signal, 

wherein each voltage boost stage comprises a circuit to forward cancel the threshold 
voltage of the jHrst transistor. 

14. (Original) The charge pump of claim 13 wherein said circuit comprises a cancellation 
transistor inchading a first terminal coupled to tlie first terminal of the first transistor, including a 
g^fTfiTiH tftimirial spaced aparl firom said first terminal of the cancellation transistor with a channel 
therebetween and coupled to a gate of the first transistor and including a gate coupled to the first 
teiminal of the second transistor. 

1 5. (Original) The charge pump of claim 14 wherein said circuit further comprises a third 
transistor to backward cancel the threshold voltage of the first transistor. 

16. (Original) The charge pump of claim 15 wherein the tiiird transistor includes a first 
terminal coupled to the first terminal of the first transistor, and including a second terminal 
spaced apart from said second tOTninal with a channel tlierebetweOT and coupled to a gate of the 
first transistor and including a gate for controlling current in said channel and coupled to the 
second terminal of the first transistor. 
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17. (currently amended) [[The]] A charge pTJmp o f claim 12 CQmpri^mS- 

a Plurality of voltage boost stages coupled in series, eac h of the voltage boost stages 
P«iiRTT>tiinp ; ^ output signal having a voltage level higher than an input voltage applied thereto, 
and each co in prisiTip a fir<st transigtor incliiding a first terminal coupled to receive said input 
voltage and includijig_a second ter tniiml fnr providing said output signal, and fu rther comprising 
a powerup assist diode to char|ge the input voltage applied to the voltage boost sta&e coupled to 
the output signaL 

wherein each boost stage comprises a circuit to backward cancel the threshold voltage of 
the first transistor. - - - - 

18- (Original) The charge pump of claim 17 wherein the circuit comprises a second 
transistor including a first terminal coupled to the first terminal of the first transistor, including a 
second temiinal spaced apart from the fii«t terminal of the second transistor with.a channel 
therebetween and coupled to the gate of the first transistor and including a gate for controlling 
current in said channel and coupled to the second terminal of the first transistor. 

19. (currently amended) [[The]] A charge pump of claim 12 comprising: 

a plurality of voltage boost stages coupled in series, each of the volta ge boost stages 
generating an output signal having a voltage level higher than an input volta ge applied thereto, 
and each comprising a first transistor including a first tenrdnal co upled to receive said input 
voltage and including a second terminal for providing said output signal and furthe r comprising 
a powcrup assist diode to charge the input voltage apphed to the voltage boost stage coupled to 
the output signal. 

wherein each voltage boost stage comprises a cancellation transistor coupled to the first 
terminal to substantially cancel a threshold voltage of the first transistor in response to the output 
signal. 
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20. (currently amended) [[The]] A charge pump of claim I S comnrismg: 

a plurality of voltage boost stages coimled in series, each of the voltage boost stages 
generating an output signal having a voltage level hi gher than an input voltage applied hereto, 
and each comprising a first transistor including a first terminal coupled to receive said input 
volta&e and including a second t^ ^inal fo r providing said output sienaL and fitfther comprising 
a powenip assist diode to charge the rmaut voltage appUed to th e voltage boost stage coupled to 
the output signal, 

wherein at least one of the phirality of voltage boost stages includes a high voltage self- 
biasing circuit to precharge the output signal before appUcation of said input voltage. 

21. (Origmal) The charge puiiip of claim 20 wherein the Mgh voltage self-biasing circuit 
comprises a second transistor including a first terminal coupled to a supply voltage terminal, 
including a second temiinal spaced apart fix>m said first terminal with a channel therebetween, 
and including a gate for controlling current in said channel and coupled to said first terminal, and 
comprises a third transistor including a first terminal coupled to the second terminal of the 
second transistor, including a second terminal spaced apart firom said first terminal with a 
channel therebetween and coupled to the output signal, and including a gate for controJling . 
current in said channel and coupled to a medium voltage terminal. 

22. (Original) The charge pump of claim 21 wherem a medium voltage applied to the 
medium voltage terminal has a voltage level between a voltage level of a supply voltage applied 
to the supply voltage tenninal and a voltage level of the output signal of the last voltage boost 
stage. 

23-24. (cancelled). 



GfayCaiyVBM\7174959.t 
2102397-991180 



7 



PAGE 8/19'RafDAT1(U12/2004 7:10:34PM (Eastern Daylight M^^^ 



10/12/2004 16:10 FAX 650 833 2001 



GCff&F #6 



@009 



25. (currently amended) [[The]] A charge puinp e f olaim 2 4 comprising: 

a plurality of voltage boost Stages coTioled in series, each of the voltage boost s tages 
penerating an output signal having a voltage level hi gher than an input voltage applied thereto, 
and each comprising a fir? ^ trgtigiBtnr including a first tenninal coupled to received said input 
yoltaee and i^ Hnrfinp ; a second terminal for providing sai d output signal at least one of the 
pluralitv of voltage boost stapes includes ahigh voltage self-bias ing circuit to precharge the 
output signal for application of sa id input voltage, 

wherein the high voltage self-biasing circuit comprises a second transistor including a first 
terminal coupled to a supply voltage terminal, including a second terminal spaced apart fi-om 
said temiinal with a channel therebetween and including a gate for controlling cuixent in said 
channel and coupled to said first terminal, and comprises a third transistor including a furst 
terminal coupled to the second tenninal of the second transistor, including a second termmal 
spaced ^art firom said first terminal with a channel therebetween and coupled to the output 
signal, and including a gate for controlling current in said channel and coupled to the median 
voltage terminal. 

26. (Original) The charge pump of claim 25 wherein a median voltage applied to the median 
voltage tmninal has a voltage level between a voltage level of a supply voltage applied to the 
supplied voltage terminal and a voltage level of the output signal of the last voltage boost stage. 

27. (Original) A high voltage generation and regulation system comprising: 

a charge pump generating a boosted voltage signal in response to at least two clock 
signals and a feedback voltage signal comprising: 

a plurality of voltage boost stages coupled in series, each of the voltage boost 
stages generating an output signal having a voltage level higher than an input voltage appUed 
thereto, and each comprising a first transistor including a first terminal coupled to receive said 
input voltage and including a second tenninal for providing said output signal, and further 
comprising a powerup assist diode to charge the input voltage ^^pUed to die voltage boost stage 
coupled to the output signal, and 
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an oscillator coupled' to the plurality of voltage boost stages for generating said at 
least two clock signals; and 

a loop regulator generating the feed back voltage signal in response to the boosted 
voltage signal, 

28. (Original) The high voltage generation and regulation system of claim 27 wherem each 
voltage boost stage comprises a cancellation transistor coupled to the first teiminaJ to 
substantially cancel a threshold voltage of the first transistor in response to the output signal. 

29. (Original) The higih voltage generation and regulation system ofclaim 27 wherein at 
least one of the plurality df voltage boost stages includes a high voltage self-biasing circuit to 
prccharge the output signal before application of said input voltage. 

30. (Original) The liigh voltage generation and regulation system of claim 29 wherein tiie 
high voltage self-biasing circuit comprises a second transistor including a first terminal coupled 
to a supply voltage terminal, including a second terminal spaced apart firom said terminal with a 
channel therebetween, and including a gate for controlling current in said channel and coupled lo 
said first tenninal, and comprises a third transistor including a first terminal coupled to the 
second terminal of the second transistor, including a second terminal spaced apart firom said first 
terminal with a channel therebetween and coupled to the output signal, and including a gate for 
controlling current in said channel and coupled to a medium voltage terminal, 

31 . (Original) The high voltage generation and regulation system of claim 30 wherein a 
medium voltage applied to the medium voltage terminal has a voltage level between a voltage 
level of a supply voltage applied to the supply voltage terminal and a voltage level of the output 
signal of the last voltage boost stage. 

32-40. (cancelled). 
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41 . (Qriginal) A hifiji voltage generation and regulation system comprising: 

a charge pump for generating a voltage signal in response to at least two clock signals 
and a feedback signal; 

a loop regulator generating the feedback voltage signal in response to ttie boosted voltage 
signal, the loop regulator comprising; 

a voltage regulator providing a regulated voltage signal in response to an input voltage 
signal and a control signal; 

a comparator coupled to the voltage regulator to generate the control signal in response to 

the regulated voltage signal; and 

a slew rate enhancement circuit coupled to an output of the comparator to boost the 
control signal in tiie event the regulated voltage signal has a voltage level less than a threshold 
voltage. 

42. (Original) Tlie high voltage generation and regulation system of claim 41 wherein the 
slew rate enhancement circuit comprises a source follower. 

43. (Original) The high voltage generation and regulation system of claim 42 wherein the 
slew rate enhancement circuit further comprises a voltage regulator to generate a divided voltage 
signal in response to the input voltage signal and wherein the source follower provides said boost 
of the control signal in response to said divided voltage signal. 

44. (Original) The high voltage generation and regulation system of claim 43 wherein the 
slew rate enhancement circuit compensates for the output of the comparator. 

45. (Original) The high voltage generation and regulation system of claim 41 wherein the 
slew rate enhancement circuit provides compensation for the output of the comparator. 

46. (Original) The high voltage generation and regulation system of claim 41 wherein the 
threshold voltage is below a peak voltage of the regulated voltage signal. 
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47. (Origmal) The hi^ voltage generation and regulation system of claim 46 wherein the 
threshold voltage is no greater than 100 millivolts below the peak voltage of the regulated 
voltage signal. 

48, (Original) The high voltage generation and regulation system of claim 41 further 
conqjrising a self-biasing circuit to precharge the output terminal during power up. 

49-61. (cancelled). 

62, (Original) A high voltage generation and regulation system comprising: 

a charge pump for generating a voltage signal in response to at least two clock signals 
and a feedback signal; 

a loop regulator generating the feedback voltage signal in response to the boosted voltage 
signal, the loop regulator coniprising; 

a high voltage input terminal; 
an output terminal; 

a first transistor including a first terminal coupled to the higji voltage input 
terminal, including a second terminal spaced aq>art from said first tenninal with a channel 
therebetween^ and including a gate for controlling current in said channel; 

a second transistor including a first tenninal coupled to the second terminal of the 
first transistor, including a second tenninal coupled to the output teraiinal to provide an output 
voltage thereto and spaced apart from said first terminal with a channel dierebetween, and 
including a gate for controlling current in said channel and coupled to the gate of the first 
transistor; 

a feedback voltage generator coupled to the output terminal to generate a 
feedback voltage in response to the output voltage; and 

a comparator having a first input coupled to the feedback voltage generator, a 
second input coupled to a reference voltage terminal and an output coupled to the gates of the 
first and second transistors. 
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63. (Original) The high voltage generation and regulation system of claim 62 wherein the 
feedback voltage generator is a voltage divider. 

64. (Original) The high voltage generation and regulation system of claim 63 wherein the 
voltage divider comprises: 

a plurality of third transistors coupled in series between the ou^ut terminal and a ground 
teorminal, each of the phirality of third transistors being diode connected, one of the plurality of 
third transistors providing tihe feedback voltage. 

65. (Original) The high voltage generation and regulation system of claim 64 wherein the 
voltage divider further comprises^a fijunh transistor coupled between another one of the plurality 
of third transistors and ground to float a voltage of a terminal of said anottier one of the plurality 
ofthirdtransistor in response to a power down signal. 

66. (Origmal) The high voltage generation and regulation system of claim 65 wherein at 
least one of the plurality of third transistors is selectively shunted. 

67. (Original) The high voltage generation and regulation system of claim 64 wherc^ / 
least one oftiie plurality ofthird transistors is selectively shunted. . v 

68. (Original) The high voltage generation and regulation system of claim 63 wherein the 
voltage divider comprises a plurality of p-chaniiel diodes coupled in series between the output 
terminal and a second terminal at a voltage less than the voltage of the output terminal. 

69. (Original) The high voltage generation and regulation system of claim 63 furtber 
comprising a trimming circuit to selectively select ones of said plurality of third transistors. 

70. (Original) The high voltage generation and regulation system of claim 69 wherein the 
trimming circuit comprises a plurality of fourth transistors coupled in series, each of the plurality 
of fourth transistors including first and second terminal coupled to respective first and second 
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tenmnals of a coiresponding one of the plurality of third transistors and including a gate coupled 
to a respective select signal to change the feedback voltage. 

71 . (Original) The high voltage generation and regulation system of claim 62 further 
comprising a filter coupled between the high voltage input tenninal and the comparator. 

72. (Origrnal) The high voltage generation and regulation system of claim 71 wherein the 
filter is a resistor-capacitor filter. 

73. (Original) The liigh voltage generation and regulation system of claim 62 further 
comprising: 

a third transistor including a first tenninal coupled to a supply voltage, including a second 
terminal spaced apart from said first tenninal with a channel therebetween, and including.a gate 
coupled to said first tenninal for controlling current in said channel, and 

a fourth transistor including a first terminal coupled to the second temiinal of the third 
transistor, including a sescond terminal coupled to the output tenninal and spaced apart firom said 
first terminal with a channel therebetween, and including a gate for controlling current in said 
channel in response to a control voltage applied thereto, the control voltage being a function of 
the voltage on the output tenninal. 

74. (Original) The liigh voltage generation and regulation system of claim 73 wherein the 
voltage of the control voltage biases the fouxtli transistor to prevent breakdown of the fourth 
transistor. 

75. (Original) A nested loop regulator comprismg: 

a voltage divider generating a divided voltage signal in response to a high voltage output 
signal from a charge pump; and 

a comparator having a first input coupled to the voltage divider, having a second input for 
receiving a reference voltage, and having an output for generating an enable signal to enable a 
charge pump in response to the divided voltage signal being below the reference voltage. 
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76. (Original) The nested loop regulator of claim 75 further compressing a capacitor coupled 
to an input of the voltage divider to filter said high voltage ou^ut signal. 

77. (Original) The nested loop regulator of claim 75, wherein ttie voltage divider comprises: 
a plurality of transistors, each transistor including a first terminal, a second terminal 

spaced apart fiom said first temiinal with a channel tberehetween, and a gate for coDtrolling 
current in said channel, the first terminal of a first one of said plurality of transistors being 
coupled to receive die charge pump high voltage output signal, flie gate of a second one of said 
plurality of transistors being coupled to ground and the second tenninal of said second one of 
said plurality of transistors bein g coupled to ground, the first terminal of each of the other ones 
of said transistors being coupled tb the second terminal of another one of said plurality of 
transistors to form a cascode arrangement. 

78. (Original) Thenestedloopregiilator of claim 77 wherein the voltage divider finiher- 
comprises another transistor including a first tenninal and second terminals, a channel between 
said first and second terminals, and a gate for controlling current in said chamiel and coupled to a 
power enable signal, the first and second terminals of said another transistor being coupled 
between the second terminal of said second one of the plurality of transistors and ground. 
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Attorney Docket No. 2102397-991 180 

79. (Original) A voltage regulation system comprising: 

a charge pump having a first input for receiving an enable signal, having a second input 
for receiving a regulated voltage signal, and having an output for providijag a pump voltage 
signal in response to the regulated voltage signal and the enable signal; 

a pump regulator coupled to the charge pump for providing the regulated voltage signal 
in response to the pump voltage signal; and 

a nested loop regulator having an input coupled to the output of the charge pump and 
having an output for generating the enable signal in response to the pump voltage signal being 
below a threshold voltage. 

80. (Original) The voltage regulation system of claim 79 wherein the nested loop regulator 
comprises: 

a voltage divider generating a divided voltage signal in response to the pmnp voltage 
signal; and 

a comparator having a first input coiqjled to the voltage divider, having a second input for 
receiving a reference voltage having a threshold voltage level, and having an output for 
providing the enable signal in response to the divided voltage signal being below the reference 
voltage. 

8 1 . (Original) The voltage regulation system of claim 79 wherein the voltage divider 
comprises: 

a plurality of transistors, each transistor including a first temiinal, a second terminal 
spaced apart fi-om said first terminal with a channel tixerebetween, and a gate for controlling 
current in said channel, the first terminal of a first one of said pluraUty of transistors being 
coupled to receive the charge pump high voltage output signal, the gate of a second one of said 
plurality of transistors being coupled to ground and the second terminal of said second one of 
said pluraHty of transistors being coupled to ground, the Gist terminal of each of the other ones 
of said transistors being coupled to the second terminal of another one of said plurality of 
transistors to form a cascode arrangement. 
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Attonicy Docket No. 2102397-991180 

82. (Original) The voltage regulation system of claim 8 1 wherein the voltage divider lurther 
comprises another transistor including a first terminal and second terminals, a diannel between 
said first and second terminals, and a gate for controlling current in said channel and coupled to a 
power enable signal, the first and second terminals of said another transistor being coupled 
between the second terminal of said second one of the plurality of transistors and ground. 
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